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Abstract

This manuscript outlines recent advances in the diagnosis and treatment of sarcoidosis. The diagnosis of
sarcoidosis can occasionally be made on clinical grounds without a confirmatory biopsy when very specific
clinical findings are present. Otherwise, the diagnosis requires histologic evidence of granulomatous
inflammation, exclusion of alternative causes, and evidence of systemic disease. Because there is no
available diagnostic test for sarcoidosis, the diagnosis is never completely secure. Instruments have been
developed to establish the presence of sarcoidosis in a second organ and hence establish the systemic
nature of the disease. Corticosteroids remain the drug of choice for the treatment of sarcoidosis.
Additional sarcoidosis medications are most commonly used as corticosteroid-sparing agents. Recent
clinical sarcoidosis drug trials have exposed important issues that may confound trial results, including
selecting patients with active disease, identifying study drug effects in patients receiving concomitant
corticosteroids, and establishing proper study endpoints.

Introduction

Although sarcoidosis has been identified as a specific disease
entity for more than one century [1], the specific cause of
sarcoidosis is unknown. In addition, the diagnostic criteria,
treatment algorithms, method of follow-up and natural
course of the disease have not been clearly elucidated. This
manuscript will review evolving concepts concerning the
diagnosis and treatment of sarcoidosis. These concepts
reflect our deeper understanding of this enigmatic disease.

In terms of the diagnosis of sarcoidosis, presently, this is
a clinical diagnosis as there is no reliable diagnostic test.
In lieu of a diagnostic test, diagnostic criteria have been
developed. These criteria will be outlined in this manuscript.
Although these diagnostic criteria are based on clinical data
and have been vetted by world experts in the field, they are
arbitrary and inexact. These issues will also be discussed.

In terms of the treatment of sarcoidosis, the indications for
treatment and the optimal treatment approach have not
been standardized. There is a general consensus that
corticosteroids are the drug of choice when treatment is
required. Several alternative agents may be used, usually as
corticosteroid sparing agents, because of the development

of significant corticosteroid toxicity. The assessment of the
efficacy of alternative anti-sarcoidosis medications is
complex for many reasons, including distinguishing the
effects of corticosteroids from the study drug and reliably
assessing disease activity.

Advances in the diagnosis of sarcoidosis

Presently, there is no specific diagnostic test for sarcoidosis.
The diagnosis of sarcoidosis is never secure but is arbitrarily
made when the statistical likelihood of alternative diag-
noses becomes too small to warrant further investigation
[2]. Figure 1 depicts the current diagnostic algorithm for
sarcoidosis. On occasion, a patient may present with a
constellation of clinical findings that is so specific for
sarcoidosis that the diagnosis may be made empirically
without the need for a confirmatory biopsy (left side of
Figure 1). If these rare presentations are not observed, the
diagnosis requires a tissue biopsy revealing granulomatous
inflammation (usually noncaseating), exclusion of alter-
native causes of granulomatous inflammation, and doc-
umentation of systemic disease (right side of Figure 1).

This diagnostic algorithm implies several subtleties. First,
granulomatous inflammation is, by itself, inadequate to
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Figure |. The diagnostic algorithm for sarcoidosis
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The diagnosis of sarcoidosis may be established without performing a tissue
biopsy (left side of figure). This requires the presence of specific clinical findings
that are highly specific for the diagnosis (one of the conditions in the box on the
left side of the figure). If none of these specific clinical presentations occurs,
then the diagnosis requires tissue biopsy confirmation of granulomatous
inflammation, exclusion of alternative causes for the granulomatous
inflammation, and documentation that the disease is systemic and is, therefore,
not confined to a single organ (pathway on the right side of the figure).
Abbreviations: CXR, chest radiograph; NCG, noncaseating granulomas; /,
controversial criterion.

establish a diagnosis of sarcoidosis. In one recent study
of 131 lung biopsy specimens revealing necrotic granu-
lomatous lesions without an obvious etiology, 52 (40%)
remained unknown, and only 4/79 (5%) of those where
the etiology was determined were found to have
sarcoidosis [3].

Second, the diagnosis of sarcoidosis requires that
alternative causes of granulomatous inflammation are
excluded. Table 1 lists potential alternative causes of
granulomatous inflammation. Although biopsy spedi-
mens are usually examined for the presence of mycobacteria
and fungi, other alternative granulomatous diseases are
more problematic to exclude. Chronic beryllium disease
may completely mimic sarcoidosis both histologically
[4,5] and radiographically [6]. In one German sarcoidosis
clinic, patients diagnosed with sarcoidosis completed a
detailed questionnaire concerning occupations where
exposure to beryllium was possible. Over 7 years, 84
patients had posi-tive responses to this questionnaire, and
34/84 (40%) of these patients were confirmed to have
chronic beryllium disease, rather than sarcoidosis, on the
basis of beryllium lymphocyte proliferation testing [7].

Third, sarcoidosis is a systemic disease that is not confined
to the lung or any organ in isolation. Some features
that show sarcoidosis is a systemic illness are that the
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disease is associated with anergy [8], non-granulomatous
inflammatory conditions such as erythema nodosum [9],
systemic symptoms such as fatigue [10] and small fiber
neuropathy [11,12], and that the disease may recur in
transplanted allografts [13]. Usually, confirmation that the
disease is systemic involves identifying granulomatous
inflammation in at least two organs. Indeed, idiopathic
granulomatous diseases of some isolated organs are
thought to be distinct from sarcoidosis, such as idiopathic
granulomatous hepatitis [14]. More than one decade ago,
the National Institute of Health sponsored A Case Control
Etiologic Study of Sarcoidosis (ACCESS) that developed
an organ assessment instrument to document a second
organ being involved with sarcoidosis, short of performing
a biopsy [15]. The instrument classified the likelihood of
several specific clinical scenarios being caused by sarcoi-
dosis in an organ as “definite”, “probable”, or “possible”
provided that a) granulomatous inflammation had already
been identified in another organ, and b) alternative causes
for the clinical scenario could reliably be excluded. For
example, if histologic evidence of granulomatous inflam-
mation was found on skin biopsy, then eye sarcoidosis
was considered “definite” if the patient had uveitis of no
other likely cause. For the purposes of ACCESS, definite or
probable involvement was considered as sarcoidosis
involvement in that organ. Therefore, the ACCESS instru-
ment allowed for the diagnosis of sarcoidosis to be estab-
lished by confirming the presence of sarcoidosis in a second
organ, without the need to biopsy that second organ. More
recently, the World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG) has updated the
ACCESS assessment instrument to take into account new
advances in diagnostic technology [16].

However, an issue that has recently surfaced is whether
the requirement of documenting involvement of a second
organ/systemic disease is universally required for the
diagnosis of sarcoidosis [17]. Despite the aforementioned
idiopathic granulomatous diseases in single organs that
appear to be distinct from sarcoidosis, there may be specific
presentations in single organs that are highly specific for
sarcoidosis. Two such examples would be lupus pernio
(disfiguring facial sarcoidosis) and chest imaging, revealing
mediastinal adenopathy plus parenchymal lung nodules
in a perilymphatic distribution [18]. If granulomatous
inflammation was identified in such clinical situations and
no other evidence of granulomatous inflammation was
identified in other organs, most would consider the
diagnosis of sarcoidosis secure. Indeed, most large sarcoi-
dosis series reported by sarcoidosis experts, including the
multicenter ACCESS trial investigators, have reported
a large proportion of patients as having sarcoidosis
with only a single organ involved (366/736, 49.7%) [19].
As a counter-argument to this viewpoint, a recent
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Table I. Major pathologic Differential Diagnosis of Sarcoidosis at Biopsy

LUNG LYMPH NODE SKIN

LIVER BONE MARROW  OTHER BIOPSY

SITES

* Tuberculosis * Tuberculosis * Tuberculosis

* Atypical mycobacteriosis ¢ Atypical * Atypical
* Fungi mycobacteriosis mycobacteriosis
* Pneumocystis carinii * Brucellosis * Fungi

* Mycoplasma

 Hypersensitivity
pneumonitis

* Pneumoconiosis:
Beryllium (chronic
beryllium disease),
Titanium, Aluminum

* Drug reactions

* Aspiration of foreign to carcinoma
materials * Hodgkin’s disease

* Wegener’s granulomatosis * Non-Hodgkin’s
(Sarcoid-type granulomas lymphomas
are rare) * Granulomatous

* Necrotizing sarcoid lesions of unknown
granulomatosis (NSG) significance (the

GLUS syndrome)

* Toxoplasmosis

* Granulomatous
histiocytic necrotizing
lymphademitis
(Kikuchi’s disease)

* Cat-scratch disease

* Sarcoid reaction in
regional lymph nodes

* Reaction to foreign
bodies: beryllium,

paraffin, etc.

zirconium, tattooing,

* Rheumatoid nodules

* Tuberculosis

* Brucellosis

* Other infections

* Crohn’s disease

* Giant cell myocarditis
* GLUS syndrome

* Tuberculosis

* Histoplasmosis

* Infectious
mononucleosis

* Cytomegalovirus

* Hodgkin’s disease

* Non-Hodgkin’s
lymphomas

* Drugs

* GLUS syndrome

* Tuberculosis

* Brucellosis

* Schistosomiasis

* Primary biliary
cirrhosis

* Crohn’s disease

* Hodgkin’s disease

* Non-Hodgkin’s
lymphomas

* GLUS syndrome

Adapted from reference [27] and reprinted with permission of the American Thoracic Society. Copyright © 2014 American Thoracic Society.

Official Journal of the American Thoracic Society.

retrospective analysis of patients with concomitant sarcoi-
dosis and connective tissue diseases (CTDs) suggested that
a significant proportion of them may have had solely a
CTD, and that the granulomatous inflammation may have
been a result of the CTD [20]. Many of these patients had a
local granulomatous inflammation in only one organ.
Since CTDs are not recognized as a cause of granulomatous
inflammation, several of these patients may have been
misdiagnosed as having sarcoidosis. Summing up these
data, we believe that sarcoidosis can be diagnosed when a
single organ is involved, provided that alternative causes
have been excluded and the presentation is highly specific
for the diagnosis. We do believe that confirming granulo-
matous inflammation in a second organ does raise the
specificity of the diagnosis, albeit with a potential drop in
sensitivity.

The entire diagnosis discussion to this point has focused
on a set of criteria that are arbitrary. These criteria require
that the patient has a clinical presentation suggestive of
sarcoidosis and that alternative causes of granulomatous
inflammation are reasonably excluded. These are not
objective, rigorous conditions. Obviously, sarcoidosis
must have a specific cause or causes associated with specific
immune mechanisms. Recently, Chen and colleagues
demonstrated intense expression and wide distribution of
serum amyloid A (SAA) within the sarcoidosis granuloma
that exceeded that found in all other granulomatous diseases
that were examined [21]. SAA appeared to have been
produced by macrophages and giant cells within the sarcoid
granuloma. These authors postulated that SAA could

consolidate a poorly soluble protein aggregate to form a
nidus for granuloma formation. SAA may disrupt the
clearance of an antigen within the granuloma that allows for
its persistence. The granulomatous inflammation in sarcoi-
dosis may result from a prolonged immunogenic response
to a persistent antigen, resulting in immune system
exhaustion. As the identification of SAA may be a specific
marker for sarcoidosis-related granulomatous inflamma-
tion, it may be a reliable diagnostic test for the disease.
Hopefully, SAA or another specific biomarker to be
developed in the future will make the previous discussion
of diagnosis obsolete. Furthermore, such a biomarker may
answer the question as to whether several other granulo-
matous diseases of unknown cause such as Blau's syndrome
[22], granulomatous lesions of unknown significance
(GLUS Syndrome) [23], granulomatous-lymphocytic inter-
stitial lung disease [24], and necrotizing sarcoid granulo-
matosis [25], are truly distinct entities from sarcoidosis or
whether they fall under the “sarcoidoses umbrella”.

Advances in the treatment of sarcoidosis

Sarcoidosis does not mandate treatment because the
disease may never cause symptoms or organ dysfunction,
may remit spontaneously [26], and therapy (particularly
corticosteroids) is associated with a myriad of significant
side effects. Sarcoid granulomas are thought to result from
the interaction of an antigen with the immune system [27].
It has been conjectured that granulomatous inflammation
in sarcoidosis is necessary to clear the antigen [21]. If this
theory is correct, it is plausible that effective anti-sarcoidosis
therapy may resolve granulomatous inflammation that
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may result in failure of clearance of the putative sarcoidosis
antigen(s). In this scenario, when treatment is withdrawn,
the antigen may still be present and could lead to recurrent
granulomatous inflammation and, therefore, relapse [28].
This schema is supported by data that suggest that a relapse
of sarcoidosis is more common in patients previously
treated for sarcoidosis [29], or with higher doses of
corticosteroids [30]. In addition, this concept is consistent
with the premise that anti-sarcoidosis treatment improves
granulomatous inflammation but does not alter the natural
course of the disease [21,31-36]. Therefore, the granulo-
matous inflammation of sarcoidosis may be beneficial
and should probably be left unsuppressed, provided that it
does not result in significant patient symptoms or organ
dysfunction.

When treatment is indicated for sarcoidosis, corticoster-
oids are considered the drug of choice because they
appear to have the greatest likelihood of efficacy and
work most rapidly [37]. Although a consensus statement
of the American Thoracic Society, European Respiratory
Society, and WASOG have recommended 20 to 40 mg of
daily prednisone equivalent for the initial treatment of
pulmonary sarcoidosis [27], the lower end of that dosage
range appears to be adequately effective. A recent review
of acute pulmonary exacerbations of sarcoidosis found
that 20 mg of daily prednisone for a median of 3 weeks
returned spirometry and pulmonary symptoms back
to baseline [38]. Indeed, a regimen of 15 mg/day of
prednisone was shown to be effective for sarcoidosis
more than 40 years ago [32]. Little is known concerning
the optimal algorithm for tapering corticosteroids,
although relapses with such tapers occur in a significant
percent of cases [28,39].

Although corticosteroids are currently entrenched as the
drug of choice for most forms of sarcoidosis, alternative
agents are often used because of the frequency of the
development of corticosteroid side effects. Usually, these
drugs are corticosteroid-sparing as often a small amount
of corticosteroid must be continued for adequate efficacy
[40,41]. These corticosteroid-sparing drugs should be
considered for patients deemed at risk of developing
corticosteroid side effects and most patients who require
long-term corticosteroid therapy.

A recent Delphi study of 36 sarcoidosis experts reached a
consensus that methotrexate be considered the second-
line agent for pulmonary sarcoidosis [37]. In an unusual
study design, two European medical centers were com-
pared where one used methotrexate as a second-line anti-
sarcoidosis agent and the other used azathioprine [42].
The reduction in corticosteroid dose and improvement of
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pulmonary function was not statistically different between
these two groups. However, the rate of drug side effects,
particularly the rate of infection, was significantly greater
in the patients receiving azathioprine as a second-line
agent. Leflunomide has also been shown to be an effective
anti-sarcoidosis medication in a large number of sarcoi-
dosis patients in the United States [43]. We believe that the
use of second-line agents should be individualized based
on the patient’s potential for toxicity and the organ that is
being treated. In regards to this latter point, antimalarial
agents are particularly effective for skin sarcoidosis as well
as for sarcoidosis-induced derangement of vitamin D
metabolism causing hypercalcemia, hypercalciuria,
nephrolithiasis and renal insufficiency [44,45]. As these
drugs have been shown to be better tolerated than other
treatments in rheumatoid arthritis [46], they may be
preferred for the aforementioned forms of sarcoidosis.

Over the past decade, several studies have shown a benefit
of tumor necrosis factor alpha (TNF-«) antagonists for the
treatment of sarcoidosis. These studies have included case
series [47-50] and a randomized double-blind placebo-
controlled trial [51,52]. There is a sound rationale for this
therapy because TNF-a is released by macrophages
recovered from sarcoidosis patients [53] and TNF-« is
thought to be integrally involved in the development of
the granulomatous inflammation [2,54].

Infliximab appears to be a particularly effective for lupus
pernio (disfiguring facial sarcoidosis) [49], neurosarcoi-
dosis [50], and pulmonary sarcoidosis [51]. Other TNF-a
agents may be less effective. Etanercept was not demon-
strated to be of benefit for ocular sarcoidosis [55].
Adalimumab may be effective for sarcoidosis [56,57]
although, extrapolating from clinical reports, the optimal
dose may need to be higher than that routinely used in
rheumatoid arthritis [58]. A recently completed placebo-
controlled trial of golimumab failed to show a benefit over
placebo for the treatment of pulmonary and cutaneous
sarcoidosis. Furthermore, all TNF-a antagonist agents have
been occasionally associated with relapse, worsening, or
development of sarcoidosis [59-63]. These occurrences
are most commonly reported with etanercept and are
postulated to be the result of TNF-a antagonist-induced
stimulation of interferon-gamma production leading to
granulomatous inflammation [59].

One goal of medical care in the future is to develop
“personalized” or “precision” medical care where therapy
is individualized based on the patient’s specific
clinical features or genetics [64]. One example of such
care is the observation that the presence of the TNF-«
G-308A polymorphism in rheumatoid arthritis patients
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is associated with a more favorable response to TNF-«
antagonist therapy than those who do not possess this
polymorphism [65,66]. Recently, these results have been
duplicated in a sarcoidosis cohort who received inflix-
imab or adalimumab [67].

Rituximab is a monoclonal antibody directed at the C20
cell surface antigen of B-lymphocytes. Although the
granulomatous inflammation of sarcoidosis is thought
to primarily develop through an interaction with
T-lymphocytes, there is often abnormal B-lymphocyte
activity, as demonstrated by the frequent development of
a polyclonal gammopathy in active sarcoidosis [68].
Several case reports and open-label case series have
shown the potential efficacy of rituximab in the
treatment of sarcoidosis [69-72].

The results of recent sarcoidosis drugs trials have
uncovered several issues that may be of critical importance
in designing future studies. First, subjects with severe
forms of sarcoidosis may have a greater potential to
respond to therapeutic agents than those with mild
disease. A post-hoc analysis of a randomized placebo-
controlled trial of infliximab versus placebo for pulmon-
ary sarcoidosis demonstrated the greatest improvement in
percent predicted forced vital capacity (FVC) at 24 weeks
in those with lower baseline FVC, St. George Respiratory
Questionnaire total score, and worse pulmonary symp-
toms [51]. Although this finding could be explained by a
“ceiling effect” where those with mild disease have less
room to show significant improvement, it is also possible
that those with more severe disease have more severe active
granulomatous inflammation. Although it has previously
been thought that pulmonary sarcoidosis patients with
fibrocystic disease may have “burnt-out” inactive disease, a
recent study demonstrated that 85% of such patients have
significant lung uptake on positron emission tomography
(PET), suggesting that they have active disease [73]. Because
sarcoidosis may result in both treatable granulomatous
inflammation and irreversible fibrosis, it is imperative to
identify subjects with active disease in clinical sarcoidosis
trials. This will require the establishment of reliable
biomarkers of active granulomatous inflammation that
can be used to select appropriate patients.

A second issue of importance in many sarcoidosis trials is
distinguishing study drug effects from corticosteroid
effects. Corticosteroids are beneficial for an overwhelm-
ing majority of sarcoidosis patients [74]. Alternative
agents are still in great demand because of the numerous
significant toxicities of corticosteroids. Most clinical trials
of potential sarcoidosis patients enroll subjects who are
corticosteroid-dependent, as these are the patients who

http://f1000.com/prime/reports/m/6/89

would be potential candidates for these drugs and it
would be problematic to taper them off corticosteroids
and risk disease exacerbation. Because of the efficacy of
corticosteroids, it is problematic to detect additional
benefits of the study drug in such patients. As an example
of this issue, in a randomized placebo-controlled trial of
infliximab wversus placebo for pulmonary sarcoidosis,
although the trial was positive, those receiving more than
15 mg/day of daily prednisone equivalent did not
demonstrate an appreciable additional benefit from
infliximab [75]. Potential trial designs to circumvent
this issue include a) non-inferiority comparison trials
versus corticosteroids in de novo sarcoidosis patients with
corticosteroid rescue for study drug failure; b) including
a corticosteroid withdrawal phase in the trial; and
¢) initiating a corticosteroid taper prior to trial enroll-
ment and only enrolling subjects who deteriorate.

Probably the single most challenging issue in the design of
a dlinical sarcoidosis trial is the establishment of an
appropriate endpoint. Figure 2 outlines the issue. The
presence of disease activity would be an adequate endpoint
for a uniformly progressive disease such as lung cancer or
tuberculosis. However, patients with active sarcoidosis
may never develop symptoms or pulmonary dysfunction.
As previously mentioned, the presence of disease activity
should probably be an entry criterion for sarcoidosis
clinical trials. In addition, measurement of disease activity
may be an appropriate endpoint to detect anti-sarcoidosis
activity of a drug. However, reduction of disease activity is
an unreliable endpoint to determine if a drug is useful for
the treatment of sarcoidosis. Disease activity may progress
to cause physiological impairment. However, such impair-
ment is usually mild in sarcoidosis [76] and poorly
correlates with impaired quality of life [77,78], which is
what patients usually care about most, so this is an
appropriate clinical endpoint for most sarcoidosis trials.
However, pulmonary symptoms and impaired quality of
life are often not directly related to sarcoidosis, so this
endpoint is not uniformly reliable. Because this issue is
complex and unresolved, some have advocated the use of
composite endpoints in sarcoidosis clinical trials [79].

Conclusion

The diagnosis of sarcoidosis remains a challenging issue
principally because there is no specific reliable diagnostic
test available. Various algorithms and criteria have been
established as diagnostic guidelines that may be useful
while we remain hopeful for the development of a gold
standard diagnostic test. Clinical treatment trials of novel
agents for sarcoidosis will continue. Such trials involve
overcoming several problematic issues, but this can be
accomplished with prudent thought and planning.
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Figure 2. Potential endpoints for the treatment of sarcoidosis

Functional
Impact

Granulomatous
Activity

Physiologic
Impact

Development of granulomas,
mediators

Functional impairment,

Derangement of physiology symptoms

* Radiographic imaging

* Nuclear/PET/MRI imaging
¢ BAL cell counts (lung)

e Serum ACE

Measurements: * PFT (lung)

¢ EF, arrhythmias (heart)
* renal function (kidney,
vitamin D dysregulation)

* Symptoms
e HRQoL PROs

The granulomatous inflammation of sarcoidosis can be measured by various methods (left box).The endpoint of granulomatous inflammation would be
appropriate to detect the anti-sarcoidosis activity of a drug. However, granulomatous inflammation from sarcoidosis may not result in physiologic impairment
(middle box). When physiologic impairment occurs, it may be mild and not lead to the development of symptoms. Therefore, the presence of active
sarcoidosis (left box) or physiologic impairment (middle box) may be inadequate clinical endpoints to base decisions on whether sarcoidosis patients require
therapy. If physiologic impairment leads to significant functional impairment and/or worsening quality of life (right box), then therapy for sarcoidosis is

required. Therefore, a rational clinical endpoint would need to incorporate the patient's functional status and health related quality of life.

Abbreviations: ACE, angiotensin converting enzyme; BAL, bronchoalveolar lavage; EF, ejection fraction; HRQoL, health-related quality of life; MRI, magnetic

resonance imaging; PET, positron emission tomography; PFT, pulmonary function test; PRO, patient reported outcome measure. Adapted from [80].
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